INTRODUCTION
Considering the importance of massive (> 8 M ) stars for astrophysics in general, little is known for certain about the processes involved in their formation. The low mass formation paradigm, in contrast, is relatively well understood (Shu et al. 1987) . Fundamentally, inside-out collapse of a core results in the formation of a central protostar which, due to angular momentum considerations, forms a flattened disc of infalling material. Inward motion in the disc results in accretion of this material onto the forming star, with a typical rate (in the low-mass case of a 1 M accreting YSO) of ∼ 10 −7 M yr −1 (Gullbring et al. 1998) . Typical rates in high mass stars, however, need to be much higher ∼ 10 −4 M yr −1 to accommodate for short pre-main sequence phases (∼ 10 5 yr, Mottram et al. 2011 ). Thus, debate over how closely the accretion process mimics that of the low mass case still ensues.
One ubiquitous feature of massive star formation are the massive molecular outflows (Beuther et al. 2002) which are detected in association with their powering massive young stellar objects (MYSOs). These outflows are thought to be mechanically coupled to jets of material, ejected perpendicular to the disc during accretion, which seems to be a E-mail: pysjp@leeds.ac.uk common phenomenon in both low mass (Anglada 1996) and high mass protostars (incidence rates of ∼ 65%, Purser et al. 2016 , from now on referred to as Paper I) . Furthermore, the ejection of jets is thought to be linked to inflow processes, with fixed accretion-to-ejection ratios for some models of jet launching/collimation (see section 2.1 in the review by Frank et al. 2014 , and references therein). Therefore the exact nature and morphology of the jets themselves can indirectly inform us on the accretion process.
From previous observations of ionized jets, their general, radio morphology seems to take the form of an elongated component with a thermal, spectral index centred on the MYSO. Theoretical studies indicate that the value for the spectral index can range from −0.1 to 1.4 (Reynolds 1986) , with observational studies seemingly averaging a spectral index of ∼ 0.6 (with ranges from 0.2 to 0.9 in the cases of HH 80-81 and G345.4938+01.4677 respectively; Marti et al. 1993; Guzmán et al. 2010) . In ∼ 50% of cases this is associated with separate lobes of emission (Paper I), which are presumably a result of the jet ionizing and shocking the ambient material of the envelope/clump, or internal shocks within the jet as a result of variability in ejection velocity (such as in the low mass case of HH 211, Moraghan et al. 2016) . These lobes tend to be spatially distinct and separate in the majority of cases (average separations of ∼ 10 4 au, Paper I), with little radio emission seen in between thermal and non-thermal components e.g. IRAS 16547-4247 (Rodríguez et al. 2005) and IRAS 16562-3959 (Guzmán et al. 2010 ). This suggests one of two possibilities, that the ejection of material is highly variable/episodic (possibly a result of fragmentation in the accretion disc, Meyer et al. 2017) , or that a constant, collimated outflow of material only sporadically impinges upon the surrounding matter to form shocks.
In cases where multiple lobes are seen, it is common to find a positional offset for the lobe from the overall position angle of the jet, suggesting the outflow axis evolves over time. Precession of collimated outflows are predicted in the simulations of Sheikhnezami & Fendt (2015) who performed 3D MHD simulations of a disc-jet system influenced by the gravitational potential of a binary companion. They find that the tidal interactions for separations of ∼ 200 inner disc radii (∼ 2000 au in reality) warp the accretion disc of the YSO, resulting in disc, and therefore jet, precession. Considering the high companion fraction observed towards massive stars (see section 3.5 of Duchêne & Kraus 2013 , and references therein) we might expect jet precession to be a relatively common phenomenon. Interestingly their simulations also predict variable accretion and outflow rates which would be seen in observations as flux variability (Scaife et al. 2011) , an effect recently observed towards a 20 M MYSO (Caratti O Garatti et al. 2017 ).
Radio observations of both variability and precession of massive jets are present in the literature, but are few and far in between. For example, Rodríguez et al. (2008) observed the MYSO IRAS 16547-4247 at two epochs separated by ∼ 1000 days. From comparison of the flux maps in both epochs, no proper motions along the outflow axis were seen, however precession was apparent in the non-thermal lobes with a rate of 0.08 • yr −1 and therefore a derived period of < 4500 yr. Both the central jet and a non-thermal lobe (component S-1) increased in flux over time by 9% and 36% respectively. As far as proper motion observations, several works have reported radio-lobe velocities ranging from 300−1000 km s −1 in massive cases (such as HH80-81 and Cep A HW2 from Martí et al. 1998; Curiel et al. 2006, respectively) .
Considering the discussion above, this work aims to investigate how ionized jets change over time. Specifically we examine their flux variability, precession and proper motions. To do this we build upon the results of a previous survey of ionized jets (Paper I) which was based upon a well-selected sample of MYSOs from the RMS (Red MSX Source) survey . In that work 26 ionized jets were detected from a sample of 49 objects, of which 11 of the 26 were associated with non-thermal emission. Using a new set of radio observations towards 4 of these 11 sources, this work increases the sensitivity by a factor of 2−3 (∼ 10 µJy beam −1 ) in comparison to Paper I. Specific questions we aim to answer are, do the radio jets exhibit variability over the period of time between observations (∼ 2 yr)? Despite these short time-baselines, can we still detect large proper motions towards the jets? Do they show precession in their propagation axes? Is there any fainter emission previously undetected? In light of answers to the previous questions, can we further constrain models of massive star/jet formation?
SAMPLE AND OBSERVATIONS
As mentioned above, 4 MYSOs associated with ionized jets were chosen from the sample of Paper I to be reobserved. These objects were selected on the basis of the presence of shock-ionized lobes, for which proper motions could be investigated, as well as a thermal jet centred on the MYSO. A range in bolometric luminosities are present across the four objects, and the lowest luminosity object (G263.7434+00.1161) was included on the basis of its hour angle, which allowed it to be observed at times when the rest of the sample were inaccessible. Further to this, its bolometric luminosity is typical of intermediate-mass objects and therefore its inclusion in the sample also allows for the investigation of this transition region from low-mass to high-mass regimes.
All radio observations were made using the Australian Telescope Compact Array (ATCA) in the 6A configuration, on the 19th, 20th and 21st December 2014. For reference, the observations of Paper I were conducted from the 25th to 28th of February 2013. A total of 4 individual objects were observed at 2 different frequency bands (centred on 6.0 and 9.0 GHz). These frequencies were observed using a bandwidth of 2048 MHz (XX, YY, XY, and YX polarizations) split evenly either side of the central frequencies, which was subsequently divided into 1 MHz channels. From this point on the observed frequencies are referred to as the 6 and 9 GHz bands.
The range of scales the instrument was sensitive to were 1.8 − 18.5 and 1.2 − 12.3 for the 6, and 9 GHz frequency bands respectively, corresponding to a minimum baseline length of 337 m and a maximum of 5939 m. Differing scale sensitivities can manifest in the results by a decrease in the amount of flux recovered at higher frequencies (i.e. on larger spatial scales). Paper I conducted synthetic observations towards an idealised jet model, representative of their sample in both spatial scale, and spectral index. That investigation showed that for the ATCA in the 6A configuration, > 92% of the flux was recovered at 6 and 9 GHz, and the recovered spectral index did not vary from the idealised model. Thus, these effects can be neglected in the further analysis of this paper. Furthermore, the synthetic observations showed that the signal to noise ratio was insufficient to accurately recover the physical dimensions of the object. However, with the deeper integration times of this dataset, more accurate dimensions should be deconvolved from the data.
Scan times on the flux calibrator, phase calibrators and science targets were 8, 2 and 15 minutes respectively. In order to provide more coherent phase solutions between the two epochs, therefore increasing the reliability of image comparison and analysis, the phase calibrators were the same quasars as those used in Paper I. For the flux calibrator, an absolute flux scale uncertainty of 5% is adopted for both frequencies. Listed in Tables 1 and 2 are the observed calibrators and science targets. For reducing the data, the Multichannel Image Reconstruction Image Analysis and Display (MIRIAD) software package (Sault et al. 1995) was used.
In the event that methanol masers or bright (> 10 mJy) continuum sources were present in the field of view, phaseonly (due to ATCA's limited number of baselines) selfcalibration was iteratively performed until no further im- Davies et al. 2011 , assuming a 30% error in L Bol. ), total integration times and theoretical image noise levels per beam (utilising a robustness of 0) at 6 and 9 GHz. provement in the RMS scatter of the phase solutions was achieved.
RESULTS
Maps of radio flux towards each of the 4 objects in our sample are shown in Figures 1 to 5 with separate clean maps produced at each frequency and each utilised robustness of −1 (improved resolution, reduced effects from residual side-lobes) and 0.5 (increased flux/large-scale sensitivity). Any channels displaying strong maser emission in the 6 GHz band were imaged and the positions of the brightest maser spot plotted as a green cross in the relevant contour plots. Values for the integrated fluxes (derived using the casa task imfit), spectral indices (α) and power-law coefficient for the variation of the deconvolved major-axis length with frequency (γ) are presented in Table 3 for each identified radio lobe. In each case, the robustness of the clean maps used to derive these quantities is listed, with spatially-distinct lobes generally utilising a natural robustness and more confused sources making use of the enhanced resolution of the more uniformly weighted clean map (at the cost of increased noise). We now move on to give brief reviews of previous observations and discuss the results of the 2014 images, on an object-by-object basis.
3.1 G263.7434+00.1161 G263.7434+00.1161 is the nearest and lowest-luminosity object in our sample, located in the Vela molecular ridge cloud D at a distance of 0.7 pc. Observations at 1.2mm by Massi et al. (2007) revealed an 18 M compact core (MMS12, 0.13 pc in size) peaking ∼ 5 to the east of our pointing centre. This mm-core is coincident with 'complex and intense' H2 emission at 2.12µm ), indicative of collisional excitation of molecular hydrogen through shocks attributable to protostellar outflows (Wolfire & Konigl 1991) . Paper I identified two radio sources, one centred on the MYSO's position (S) and the other offset ∼ 4 to the NW. Derived spectral indices were thermal (α = 0.4 ± 0.2) and non-thermal (α = −0.5 ± 0.3) for S and N respectively. Figure 1 shows this work's maps of radio flux towards G263.7434+00.1161. Three lobes of emission, N, S and SE, are detected at both frequencies and aligned along a position angle of ∼ 158 • . Most obviously in the more uniformlyweighted images (panels c and d of Figure 1 ), the thermal jet (S) is in fact elongated along a different axis to that running through all three components (see subsection 5.3 for further discussion of this). Component SE, whose peak is located ∼ 4 from S at a position angle of ∼ 160 • , is clearly elongated along a position angle of 178 • with a length of ∼ 5 (3500 au at a distance of 0.7 pc) and is calculated to possess a spectral index of 0.17±0.68. Approximately 29 to the south (α J2000 = 08 h 48 m 48.63 s , δ J2000 = −43 • 32 57.8 ) we detect a new source in both the 6 and 9 GHz clean maps which does not appear in the 2013 epoch's images (see Figure B3 of the Appendix for a contour plot of radio flux), which we designate S2. With integrated fluxes of 319 ± 28 and 363±31 µJy at 6 and 9 GHz, it possesses a thermal spectral index of α = 0.32 ± 0.30 and has a GLIMPSE, mid-IR counterpart.
3.2 G310.0135+00.3892 G310.0135+00.3892 (or IRAS 13481−6124) is well-studied across a broad range of wavelengths. Kraus et al. (2010) used NIR interferometric observations (θ res = 2.4 mas or 8.4 au at θ PA = 114 • ) to directly observe a hot, dusty, compact (13 au×19 au) disc. Ilee et al. (2013) detected CO bandhead emission and subsequent modelling found temperature gradients consistent with the findings of Kraus et al. (2010) and with a flared, irradiated disc around a 21.8 M MYSO. The disc's major axis orientation was found to be perpendicular to a collimated, (opening angle ∼ 6 • ) CO, bipolar outflow (red lobe to the NE, Kraus et al. 2010) , itself aligned with two, 4.5 µm excesses (from inspection of IRAC imagery) separated by 6.5 pc, indicative of outflow activity. Corroborating these findings, diffraction limited MIR imaging at 20µm by Wheelwright et al. (2012) suggested that the dominant emission at 20µm was from the walls of cavities evacuated by outflows along a NE-SW axis. Caratti o Garatti et al. (2015) observed the H 2 2.122µm transition, detecting lobes of emission spread over 6.9 pc at a position angle of −154 • , parallel with the established molecular outflow. These lobes appeared to be more spread out to the NE (red lobe) showing that a density gradient exists in this direction. Paper I found 3 radio lobes associated with the MYSO designated N, S and SW with spectral indices of −0.2 ± 0.1, 1.3 ± 0.2 and 0.7 ± 1.7 respectively. While the S and SW lobes are aligned to the general outflow direction, N is offset by ∼ 30 • to the west. It was deduced that while S represents the MYSO and base of the jet, the SW component is the faint thermal emission from the jet itself while N is likely optically thin and/or non-thermal emission as the result of wide-angle shocks from the jet on the surrounding material. In the clean maps presented in Figure 2 , the previously established N, S and SW components are detected at both frequencies. The SW lobe appears to 'break up' into two separate components from 6 to 9 GHz (comparing panels a and b of Figure 2 ), separated by 1.4 . However this may be due to image defects caused by strong, residual, sidelobes from a ∼ 27 mJy source ∼ 470 to the NW of the pointing centre. Imaging the whole of the primary beam at 6 GHz also shows three extended lobes of emission, designated as HH1, HH2 and HH3 (shown in Figure 3 , with positions recorded in Table A2 of appendix A). These sources lie at separations of 0.88, 2.47 and 3.78 pc with position angles of 30, 27 and 31 • from the MYSO respectively. No spectral indices could be computed since 9 GHz clean maps resolved out much of the extended emission of these lobes. . Jet properties inferred from the H 2 observations included a length of 0.4 pc, precession of 17 • and electron density, n e , of (4 ± 1) × 10 4 cm −3 . An extended green object was also detected offset from knot 1 by ∼ 16 at a PA of 57 • (Cyganowski et al. 2008) . The clean maps shown in Figure 4 show all components detected by Paper I aligned in a jet-like morphology along a position angle of ∼ 78 • . One previously-undetected component is seen at the 6σ level (panel a), located ∼ 5.5 to the east of component D. At 9 GHz it is not detected and an upper limit to the spectral index of α < 0 is derived from the peak flux at 6 GHz. We also detect radio emission roughly connecting lobe C to D, which is especially well shown in panels b and c of Figure 4 , and methanol maser emission coincident with A1. Fluxes and positions for A1, A2, A3 and A4 proved difficult to measure via imfit due to source confusion. Using clean maps with a robustness of 0.5, the emission from A1 and A2 could not be separated and only at 9 GHz, using a robustness of −1, could we deconvolve each individually. For components B, C and D this was not the case and consequently sizes and integrated fluxes are derived from the clean map with a robustness of 0.5 to maximise the signal to noise ratio. A resolved out Hii region is also seen to the south west of A1 (RMS survey alias G310.1420+00.7583B or component E from Paper I) which is not discussed further.
G313.7654−00.8620
Associated to IRAS 14212−6131, the observations of Paper I detected 6 associated radio components named A1 (MYSO), A2, B1, B2, C and D. Both hydroxyl (Caswell 1998 ) and methanol (Green et al. 2012 ) masers have been previously Table 3 . A table of the integrated fluxes (whose errors take into account a 5% absolute flux error at 6 and 9 GHz), derived spectral indices for flux (α) and major axis length (γ), for all objects in the 2014 epoch observations.
Name
Comp. S 6 S 9 α θ 6 ma j of (1 ± 0.5) × 10 4 cm 3 , while knot 4 (most distant) displays Brγ emission indicative of strong J-type shocks with a shock speed of ∼ 60 km s −1 . Currently the jet axis is defined at a position angle of 125 • , with a length (on one side) of 1.4 pc. GLIMPSE images show diffuse 4.5µm excesses in the general area of previously established radio emission, an extended H iiregion ∼ 30 to the west and a compact H iiregion ∼ 10 to the south west (E from Paper I).
Two new components are seen in the clean maps of Figure 5 compared to Paper I. One is situated ∼ 2 to the NW of B1 which we designate as B3, and the other approximately halfway between A2 and C, which is relatively diffuse and is therefore unnamed. For B3 we derive a spectral index of α = −0.9 ± 1.0. Outside the clean maps of Figure 5 a radio source (shown in Figure B4 in the online version) is detected ∼ 24 to the NE of A1, named F, for which we measure integrated fluxes of 85 ± 18 µJy and 85 ± 21 µJy at 6 and 9 GHz respectively and derive α = 0.0 ± 1.0. It is also interesting to note that there is an extended radio lobe with spectral index α = −3±1 (suffering from resolving-out effects at 9 GHz) detected ∼ 33 from A1 at θ PA ∼ −81 • , which we name G. Two 6.7 GHz methanol maser spots are also detected, one coincident with A1 (see Figure 5 ) and the other coincident with F. For the calculation of spectral indices, a robustness of −1 was employed at all frequencies to allow for the effective deconvolution and subsequent measurement of all component's (apart from B3) integrated fluxes. Component B3 was only detected in the clean maps with a robustness of 0.5 but was sufficiently separated from B1/B2 to allow the accurate deconvolution and measurement of its flux. For all lobes, calculated spectral indices agree with the values obtained in Paper I. . Contour plots of radio flux density for observations made towards G310.1420+00.7583A. RMS noise is marked in the top-left of each of the sub-plots which are: a.) Image of 6 GHz data using a robustness of 0.5 where contours are (−3, 3, 6, 13, 27, 58)× σ. The restoring beam was 2.26 × 1.30 at θ P A = 5.73 • ; b.) Image of 9 GHz data using a robustness of 0.5 where contours are (−3, 3, 6, 13, 26, 54) × σ. The restoring beam was 1.77 × 0.89 at θ P A = −21.04 • ; c.). Zoomed in image of 6 GHz data using a robustness of -1 with contours located at (−3, 3, 7, 15, 32) × σ. The restoring beam was 1.28 × 0.84 at θ P A = −1.86 • ; d.) Zoomed in image of 9 GHz data using a robustness of -1 with contours located at (−3, 3, 6, 13, 27) × σ. The restoring beam was 1.05 × 0.54 at θ P A = −20.89 • . The 3σ error ellipse in the position of the MSX point source is shown in red, while the detected methanol maser is shown as a green cross.
NECESSARY CONSIDERATIONS
Prior to the analyses conducted in section 5, two issues affecting the direct comparison of images from different epochs required careful consideration. In the rest of this section we highlight their implications upon our analyses, and our approach to negate, or at least accommodate for, their effects.
Image alignment
Measurement of the positional changes of radio lobes over subsequent observations allows for the direct measurement of the ionized gas' velocity (in the plane of the sky). In order to do this, accurate positional measurements are required due to the great distances involved, particularly for our sample which has relatively short time baselines. For example with two measurements separated by a period of 2 yr, assuming a jet velocity of 500 km s −1 for a distance of 3 kpc, we expect an angular shift (assuming the jet's path lies in the plane of the sky) of 0.07 . However due to imperfections in calibration, as well as astrometric inaccuracy, coordinates have an absolute positional uncertainty. In an effort to negate this effect, we used the same phase calibrators for our new observations as for those of 2013. Extragalactic background sources were subsequently identified from the clean maps of radio flux (on the basis of spectral index and lack of IR counterparts) and any positional shift of these objects between the two images was assumed to be due to positional errors. This provided corrections which were applied to the 2014 images using spline interpolation, therefore aligning the two images with subsequent analyses utilising these 'corrected' clean maps.
Variable ATCA flux recovery
Different sampling of the uv-plane for each of the two epochs can change recovered flux densities, distributions and morphologies. To investigate the effects this difference has on the resulting clean maps, a set of synthetic observations were created mirroring both the system temperatures and sampling functions, S(u, v), of the 2013 and 2014 data (shown in Figure 6 ) taken towards one of our targets (G310.1420+00.7583A). This particular object was chosen on the basis of its complex morphology which contains both separate and spatially-confused emission. The model chosen was one identical to the Temporal studies of massive ionized jets 9 most prominent lobes (A1, A2, A3, A4, C and D). Resulting clean maps and pixel-to-pixel flux difference maps are presented in Figures B1 and B2 respectively of appendix B (online version only). The subsequent analysis of this synthetic data showed that relative gaps in uv-coverage have acted to decrease the amount of recovered flux from 2013 to 2014 by −16%. Predictably this effect is amplified for the more extended components, C and D, but the negative percentage change is apparently greater for A3 (a relatively compact lobe). Further to this, the integrated flux actually increases for A2 in both epochs. Both of these effects however are not solely due to the differing synthetic apertures, but also with the inaccuracy of fitting multiple, closely-spaced, Gaussian distributions of flux. This is reflected again in the inability of the 2014 synthetic observations to deconvolve A2 as a point source (as in the model), and subsequently it was measured to have finite angular size and position angle. Component A4 also appears to significantly relocate by ∼ 0.19 , at a position angle of −16 • , for the 2014 dataset compared to the model. This is equivalent to a proper motion derived velocity of ∼ 2900 km s −1 for G310.1420+00.7583A's distance of 5.4 kpc. In summary we can say the following:
• Fluxes recovered by the synthetic observations are on average −11% and −25% lower than actual values supplied by the model, with extended sources C and D affected worst.
• Percentage of flux recovered for the 2014 observations is lower than for the 2013 observations, whereby, on average, 16% less flux is recovered per component.
• Source confusion leads to the wrong distribution of flux for lobes A2 and A3, with the compact source A2 'leeching' flux from A3.
• Lobe positions are deduced with better than 0.1 accuracy in non-source confused components.
• Position angles for the emission are relatively well recovered by imfit, with average deviations of just −2 • and 6 • (ignoring source confused lobes, A2 and A3) for the former and latter epochs respectively. This analysis implies that for complex sources such as G310.1420+00.7583A and G313.7654−00.8620, any proper motions < 0.1 are likely too affected by poor uv-coverage and source confusion to draw any conclusions from. Negative variations over time in integrated lobe fluxes between 2013 and 2014 should be regarded with caution. Pixel-topixel comparisons of the maps of flux also show non-real negative flux variations centred on components A1, A2, A3 and A4. These considerations are therefore necessarily taken into account for the rest of this work.
DISCUSSION
Observations presented in section 3 have detected new radio emission towards a small sample of young stellar objects across a range in bolometric luminosity. We now move on to discuss our results and their implications upon the natures of newly detected faint emission, the variability/proper motions of the jets and their lobes and precession in the jets' outflow axes. . A plot of integrated flux against frequency for the SE component of G263.7434+00.1161. Green circles and blue squares represent data from Paper I and this work respectively, with the upper limit being that of the 22.8 GHz data from Paper I. All error bars shown include a 5% uncertainty in the absolute flux calibration. The grey line shows the (log-space) weighted, leastsquares fit of the combined data from both epochs, with the derived spectral index shown in the top-left corner.
Natures of newly detected emission
Towards all of the objects in the sample, apart from G310.1420+00.7583A, sources of radio emission below the detection threshold of previous observations are detected, resulting from many different processes.
In the case of G263.7434+00.1161's SE component, morphology of the emission at 6 GHz shows it to be extended in a jet-like, elongated structure (5.2 × 0.6) at a position angle of 179 • . However the spectral index derived from 6 to 9 GHz (α = 0.17 ± 0.68) was unable to establish whether is was thermal or non-thermal in nature. In an attempt to constrain the emission processes at work, the data from Paper I were re-imaged with a robustness of 2 (in order to maximise sensitivity) and a 3σ component was detected, coincident with the new SE lobe, at 5.5, 9 and 17 GHz. Least square fitting to the first epoch's data alone yields a spectral index of 1.06±0.61, while for the combined fluxes of all available data a spectral index of α = 0.51±0.41 is calculated (see Figure 7 ). This value for the spectral index (0.51 ± 0.41) determines it to be the direct, thermal emission from the jet's stream and is compatible with a wide variety of scenarios from the models of Reynolds (1986) , including the 'standard' spherical case of a freely flowing ionized jet. Considering its properties and alignment with the North-South component axis, this likely represents the fainter, direct, thermal emission from the jet's stream. A discussion of the new radio object, S2, detected 29 to the south of G263.7434+00.1161 is reserved for subsection 5.2.
With G310.0135+00.3892, in comparison to other ob-jects in this sample, the previously undetected emission (HH1, HH2 and HH3) is found to be greatly separated from the MYSO itself (up to 3.78 pc) but still roughly aligned along the same axis of ∼ 30 • with respect to S, much like the HH80-81 system (which has Herbig-Haro objects spread over 5.3 pc, Marti et al. 1993) . In comparison with a previous near-infrared study (Caratti o Garatti et al. 2015) , HH1, HH2 and HH3 are spatially coincident with their 2.122µm, H 2 lobes 'E red', 'D red' and 'bow-shock A Red'. Considering that this type of emission is the result of shocks with velocities > 15 km s −1 (Elias 1980) , this confirms HH1, HH2 and HH3's status as radio Herbig-Haro lobes. From their integrated fluxes and sizes, average emission measures of 5350 ± 825, 9590 ± 1250 and 9990 ± 2110 pc cm −6 are calculated, while average electron densities are found to be 303 ± 55, 351 ± 61 and 549 ± 116 cm −3 for HH1, HH2 and HH3 respectively. An important point for discussion is the relatively asymmetric nature of the radio flux's distribution towards G310.0135+00.3892, whereby the SW component has no corresponding NE lobe. We know from previous observations that a bipolar, collimated, ionised jet is present at both large and small scales (Caratti o Garatti et al. 2015 respectively; see subsection 3.2) and therefore a monopolar jet is unlikely. With uncertain spectral indices, the SW component may arise from a variety of physical mechanisms. If the SW lobe was shocked emission from the jet impinging upon clump material, it could be a reflection of the asymmetry of its environment. Indeed, the distribution of H 2 shock emission seen by Caratti o Garatti et al. (2015) was postulated to be due to a higher density of material towards the SW, in comparison to the NE, a picture supported by the MYSOs offset of 7 to the NE of the peak position of its parental clump (Contreras et al. 2013) . Alternatively, the presence of the accelerating flow (Caratti o Garatti et al. 2016) suggests largely evacuated outflow cavities and therefore the shock site may reside in the cavity walls. Finally, if SW is a shock internal to the jet, or indeed thermal emission from the jet's stream, this could be due to asymmetric ejection in velocity and/or mass flux. Only further radio observations over longer time baselines could discern between these potential explanations.
Diffuse faint emission between the previously established lobes, A2 and C of G313.7654−00.8620 was detected, which is likely 'filling in' the jet's emission as a result of the increased sensitivity of this set of observations. Component F on the other hand is distinctly separated from the main radio emission, compact and has a methanol maser detected towards it meaning it is likely another MYSO in the vicinity. However it has no clear near or mid-IR counterpart and therefore must be deeply embedded within the clump and/or relatively unevolved. Maps of 2.122 µm H 2 emission seen by Caratti o Garatti et al. (2015) shows the other new radio component B3 to be coincident with their 'knot 1', a fact which, in conjunction with B3's alignment to the presumed jet outflow axis, classifies it as a likely jet-shocked surface. Unfortunately B3's spectral index was calculated to be −0.9 ± 1.0 meaning the exact emission processes at work could not be constrained. Further from the obvious string of jet-lobes is radio lobe G detected 33 to the west. Considering the relative position angle of the emission from the thermal jet (A1) and coincidence with a NIR H 2 , 2.122µm . Radio contour map of the general area towards G313.7654−00.8620 utilising a robustness of 0.5, at 2 GHz (blue contours) and 6 GHz (grey contours). Restoring beams are illustrated in the bottom left corner and the 2 GHz beam has dimensions of 6.14 × 4.45 at θ P A = −1.24 • . Contours are set at (−4, 4, 6, 10) × σ and (−4, 4, 15, 58) × σ for the 2 and 6 GHz data respectively. The value employed for σ is indicated in the topleft corner (for 2 GHz) and top-right (for 6 GHz). Filled, blue circles indicate the 2.12µm knots, 'knot 2', 'knot 3' and 'knot 4' from Caratti o Garatti et al. (2015) . The radio lobe detected at 6 GHz, which suggests an overall precession, in the outflow axis is annotated.
lobe (knot 4 of Caratti o Garatti et al. 2015)
, we propose this to be another surface upon which the jet of outflowing material is impinging. This position also sits at the head of a cometary Hii region's bow-shock, from which extended, partially resolved out emission is detected at 6 GHz. It is therefore possible that this new radio emission is attributable to the Hii region and not with a shocked surface along the jet's axis. However archival observations, taken on 09/12/2011 at 2 GHz, show the Hii region's emission to be offset to the detected radio lobe (Figure 8) , and extended along a position angle of ∼ 95 • across an extent of ∼ 10 (perpendicular to the MIR Hii region's 'front'). Since the Hii region at 2 GHz is not co-located with the radio lobe at 6 GHz, which itself is coincident with NIR shock emission, this lobe may still be attributable to jet activity.
Variability and proper motions
To examine both the flux variability and motion of radio sources, a comparison of both the imfit-derived lobe positions and integrated 9 GHz fluxes from Paper I with those recorded here was performed (tabulated in Table 4 ). Considering the short time-baseline between the two datasets, the 3σ lower-limits (assuming ∼ 0.1 positional uncertainty) on the proper motions are relatively high, ranging from 600 − 6000 km s −1 and therefore realistically their detection was not expected. From the imfit-measured 2013 and 2014 9 GHz fluxes, only two components directly attributable to the jets show significant (> 3σ) variability, being component A2 of G310.1420+00.7583A and A2 of G313.7654−00.8620. However, since many of the sources' flux distributions (especially these two) are not simple, it is unclear whether this change is due to inaccuracies in either deconvolution, measurement of the emission using imfit, or both. A pixel-to-pixel comparison and analysis helped to reveal that variability is likely present towards G310.1420+00.7583A, without relying on accurate deconvolution by a multiple set of Gaussians in the image plane. In Figure 9 , the absolute change in the flux for each pixel is plotted for G310.1420+00.7583A (Figure 9 ) showing well-ordered variability towards the western side of the jet (i.e. A2, A3 and A4). However, as discussed in subsection 4.2, this was an expected effect of differing sampling functions for the two sets of observations (comparing Figure 9 to its synthetic equivalent in Figure B2 of appendix B).
Unexpectedly from considerations of uv-coverages, component D shows an increase in the pixel fluxes towards its peak flux position, not reflected in its integrated flux (via measurement with imfit or integrating flux within the 3σ contours). Therefore we suggest that D is a spatially-resolved shock-site which is evolving over time.
Away from the obvious emission along the ionized jets' axes, a highly variable radio source (S2) was detected 29 to the south of G263.7434+00.1161 which should have been seen at the ∼ 12σ level in the 2013 data and as such possesses a lower-limit on its 9 GHz flux change of > 283 ± 41 µJy. The thermal nature of the radio emission precludes extragalactic origins since only starburst galaxies rich in Hii regions should display thermal spectral indices, but their fluxes should not be variable on the time-scale of ∼ 2 yr. At a position angle of 181 • from S, which is roughly aligned with the deconvolved position angle of S's major axis, it is possible that this source may be a highly variable radio Herbig-Haro object. On the other hand, it is separated by 0.17 (which is likely coincident within astrometric errors) from a 2MASS source (J08484864 − 4332578) which is likely to be a reddened main sequence star and therefore may alternatively be a highly-variable radio star. On the basis of these results however, no definitive classification could be made.
With regards to lobe proper motions, only the morphologically complex sources (i.e. A1, A2, A3 and A4 of G310.1420+00.7583A and A2, B1 and B2 of G313.7654−00.8620) showed significant proper motions in the fitted positions for the lobes. Derived velocities for some of the lobes (i.e. ∼ 10 4 km s −1 for B2 and A2 of G313.7654−00.8620) are extremely high and, considering typical, proper-motion values in the literature (300 − 1000 km s −1 , Marti et al. 1995; Rodríguez et al. 2008; Guzmán et al. 2010) , likely due to errors during deconvolution and/or using the imfit task (as with flux variability). Towards G310.1420+00.7583A's lobe C (which is located away from differing uv coverage effects) however, a more reasonable, and statistically-significant, proper motion of 1806 ± 596 km s −1 is calculated. A derived position angle of 70 ± 26 • places the proper motion along the jet's propagation axis supporting the case that the observed motion is real. This is therefore the only radio lobe for which we reliably detect proper motions amongst the sample.
Precession
Various forms of evidence for precession are found towards all 4 objects of the sample with a large range in both derived precession periods and angles.
In the case of G263.7434+00.1161 the deconvolved position angles for the thermal jet (S) of 6 ± 2 • , at both 6 and 9 GHz, suggest that the jet's current axis is off- set by 35.7 ± 1.6 • w.r.t. the axis running through N, S and SE (θ P A = −29.9 ± 0.24 • ). Assuming a jet velocity of 500 km s −1 , i = 90 • and N to be optically thin emission from jet material (or a shock) which was therefore ejected on a ballistic trajectory from S 33 ± 10 yr ago (assuming a distance error of 200 pc), a precession rate of 1.1 • yr −1 is estimated, much higher than precession rates for other ionized jets found in the literature. The complex, 2.122µm, H 2 emission previously observed (Figure A9 of de Luca et al. 2007 ) could be the result of a jet with a high precession rate creating shock sites over a wide range in angles, over a relatively short period, or multiple sources. It must be conceded that YSO/outflow multiplicity is an alternative explanation for these results. However, assuming that this change in the jet axis' angle over 33 yr is a result of a binary interaction and half the total period, a separation of 30±6 au is inferred for the companion. To calculate this orbital separation, we assume standard, Keplerian behaviour and employ the following equation:
where P is period, M is the total mass of the binary system and r is the orbital semi-major axis. For G310.0135+00.3892, variations in the position angles of the Herbig-Haro radio lobes HH1, HH2 and HH3, Table 5 . A table of the derived parameters from χ 2 fitting of model in parameter space. Errors are calculated by consideration of the distribution of χ 2 in parameter space. Any value with a next to it was held as a fixed parameter, so that the number of degrees of freedom, ν = N points − N op (N op is the number of open parameters in the fit) is always 1. with respect to S, are seen. Fitting the 6 GHz peak positions of these HH objects, and the SW component with a jet model, via minimization of χ 2 as described in appendix C (with fixed values of i = 42 • and θ P A = 31 • , Boley et al. 2016) , yields a precession angle and period of 6 +1 −2
• and 15480 +3409 −2248 yr respectively. Should this precession be due to a regular orbiting body, it should be separated by 1797 +275 −191 au from the MYSO. It must be noted that a precession angle and period of 8 • and 8300 yr (inferring an orbital radius of 1200 au) fit the (limited) data equally as well, but a period of 15480 yr represents the simplest model. Since the position angle for the established HH jet lies at an angle of 29 • , as discussed previously, the exact nature of the lobe N is an open question since it lies at a position angle of −3 • from the MYSO/thermal jet at S. If N is an optically thin Hii region, on the basis of its radio flux (and assuming a distance of 3.2 kpc), a bolometric luminosity of ∼ 4000 L (ZAMS type B2, Davies et al. 2011 ) is implied, with a calculated average emission measure of ∼ 7 × 10 6 pc cm −6 and electron density of ∼ 5000 cm −3 , both of which are possibly too low for such a highly-compact (∼ 650 au) Hii region. On the other hand, if a more rapid and wider angle precession is present compared to that found by analysis of the radio HH lobes, then this may support N as being the site of shock emission from the jet. However, SE lies along the accepted jet outflow axis and is roughly at the same separation from S as N is. This suggests that if a wider angle precession is present, it is only affecting the northern jet. It is interesting to note that Wheelwright et al. (2012) see this lobe asymmetry in their mid-IR observations too. Unfortunately 2MASS and GLIMPSE imagery is saturated, with image defects at N's position prohibiting its nature from being established any further.
In Figure 10 the position angle of the peak emission for each of G310.1420+00.7583A's lobes is plotted as a function of radius and position angle from A1 (i.e. the MYSO), which shows evidence for precession in the jet's axis. These positions were fitted with a precessing jet model with inclination left as a free parameter. For both the 2013 and 2014 data, the best fitting model's parameters are tabulated in Table 5 . In Figure 11 this model derived for the 2014 data is plotted over GLIMPSE, MIR images. It can be seen that the jet model's path traces both the east, MIR 4.5µm excess (EGO) and general, extended, radio morphology well. Table 5 .
angles (19 • and 6 • for the 2013/2014 data respectively). This discrepancy between the two models is likely due to deconvolution/imaging errors discussed in subsection 4.2 and subsection 5.2. As with G310.0135+00.3892, assuming that the jet precession is due to a binary whose orbital period is the same as the precession period, an orbital radius of 141 +7 −8 au or 155 +58 −24 au is inferred, depending on whether the fit parameters for the 2013 or 2014 data are used respectively.
In the case of G313.7654−00.8620, the radii and position angles of A2, B1, B3, C and D were calculated with respect to the MYSO, A1 (plotted in Figure 12 ). Because only the 2014 images detected B3, fitting with inclination as a free parameter was only attempted towards the 2014 lobe positions (in order to have at least one degree of freedom). Component B2 is neglected from this analysis due to its unknown nature and its deviation from the position angles of the other lobes. Fitting yields a precessing jet model with a precession angle of 12 +2 −1
• , period of 920 +82 −32 yr and inclination of 51 +3 −2
• which is shown overlayed upon a GLIMPSE RGB image in Figure 13 . As with the other objects, if a binary companion has induced this precession, a separation for the binary companion of 270 +19 13 au is inferred. The fitted model does not accurately trace the MIR 4.5µm excess, in comparison with G310.1420+00.7583A, the diffuse radio emission detected between A2 and C, or the radio lobe, G (which is coincident with the H 2 2.122µm emission lobe, 'knot 4' from Caratti o Garatti et al. 2015) . It is possible that G313.7654−00.8620 is a more complex system, and (in addition to periodic precession) a large overall shift in the precession axis may have occurred, on account of G's position and the results of Caratti o Garatti et al. (2015), from ∼ 98 • to 121 • over a period of approximately 4100 yr, or 5.6 × 10 −3 • yr −1 . In Figure 14 the four, inferred precession angles for the sample, and the relevant orbital radii, are plotted. Fitted power laws for precession angle against both period and inferred orbital radius are explicitly stated in Equation 2 and Equation 3 respectively, below: log 10 (θ Pr ) = (2.20 ± 0.13) − (0.36 ± 0.05) log 10 (P Pr )
log 10 (θ Pr ) = (2.23 ± 0.08) − (0.45 ± 0.04) log 10 (r)
These relations show that for shorter precession periods/smaller orbital radii for the hypothesised binary companions, a larger precession angle is observed. This agrees with the idea that a closer companion would deflect a jet's stream to a greater degree, either through gravitational influence upon the ballistic trajectory of jet material, or alteration of the disc's magnetic field. However to establish this explanation would require both a larger sample than that presented here and direct confirmation of the existence of binary companions.
SUMMARY AND CONCLUSIONS
Sensitive radio observations at 6 and 9 GHz were conducted towards a sample of 4 MYSOs known to harbour ionized jets associated with shock-ionized lobes. This sample was selected from the previous work of Paper I in order to investigate their temporal evolution, faint emission and precession of their outflow axes. From careful consideration of the observational differences between each epoch's dataset, their subsequent comparison as well as modelling of the relative lobe positions from their sourcing jets, the following can be concluded: • Fainter emission is detected towards 3 of 4 jets, which is sourced directly from the thermal jet itself in one object (G263.7434+00.1161), radio Herbig-Haro objects in G310.0135+00.3892 and extra non-thermal emission in G313.7654−00.8620. This suggests that mass loss in MYSO jets is always occurring, though at highly variable rates.
• Proper motion is detected at the > 3σ level towards one lobe (C) of G310.1420+00.7583A, with a derived velocity of 1806 ± 596 km s −1 parallel to the jet's propagation axis.
• Change in the flux morphology is seen towards a nonthermal lobe (D) of G310.1420+00.7583A, supporting the hypothesis that the emission is the result of an evolving shock, rather than direct emission from the jet's stream.
• Evidence for precession is found in all objects within the sample, with inferred precession angles ranging from 6 ± 3 • to 36 ± 2 • and periods from 66 ± 20 to 15480 +3409 −2248 yr. If the assumed precession of jet outflow axes is caused by the bound orbits of binary companions, estimated orbital radii of 30 ± 6 au, 1797 +275 −191 au, 141 +7 −8 au and 270 +19 −13 au are found for G263.7434+00.1161, G310.0135+00.3892, G310.1420+00.7583A and G313.7654−00.8620 respectively.
Considering the apparent precessions of the MYSOs observed, it is clear that these 4 ionized jets are not restricted to a single outflow angle over time. Compared to precession seen towards low-mass examples, it is both more extreme and also more rapid. Definitive variability or proper motions were not observed over a 2 year period towards the shock ionized lobes or thermal jets, however future studies, with longer time baselines, towards a larger sample of objects from Paper I will inform more reliably on these matters. The results presented here therefore form the foundation for such studies and hint that it will produce interesting results in the future. Table A2 . A table of lobe positions, integrated fluxes and deconvolved dimensions at 6 GHz for the 2014 epoch. The final column indicates which robustness was employed in the clean map. Those components with a 1 above their name are extended and therefore their peak flux positions are given, whose errors cover half of their 3σ spatial extent. Their provided fluxes are integrated over the 3σ contours. A basic illustration of the model used for a precessing jet is presented in Figure C1 , which uses the following assumptions:
• Ballistic trajectories are adhered to.
• Bi-axial symmetry of the jet at the point of collimation and ejection.
• Velocity assumed to be constant along the length of the jet.
• Precession occurs at a constant angle and period.
r(t) = v t sin θ Pr .
(C1)
x(t) = r(t) cos 2πt P Pr .
y(t) = r(t) sin 2πt P Pr .
z(t) = v t cos θ Pr .
(C4)
Once the (x, y, z) coordinates of the jet are established for a position angle of 0 • and inclination of 0 • , a rotation is then applied around x, y and z-axes for position angle, inclination and present jet angle (θ P A , i and φ) respectively. For any point on the jet, p(x, y, z), the final rotated coordinate, p r ot , is calculated according to Equation C8: 
Axes are defined so that the x axis points towards the observer and, therefore, y and z axes represent right ascension and declination respectively. This allows us to compare the observables r and θ (radial distance and position angle from the jet origin, respectively) with the model, since the (y, z) coordinate of any point in the rotated model is equivalent to (α, δ) offsets from the jet's origin. Due to the assumption of bi-axial symmetry, it is possible to rotate any lobe coordinate through π radians in position angle.
For fitting observational data, a number of models are produced using a range of values for i, θ Pr . , φ, P Pr . and θ P A . For each model the reduced χ 2 value is calculated according to the following equation:
where x i , µ i , σ i , ν and Y are the measured value, model value, measurement error,degrees of freedom and Yates' correction factor (Y = 0.5 if ν = 1, otherwise Y = 0) respectively. Over all tested models, the one which minimizes χ ν 2 is chosen. From jets with multiple lobes, it is possible to place a lower limit on θ Pr . , approximate θ P A and in some circumstances place an upper limit on P Pr . (should the lobes appear to move through > 3π 2 rads) from inspection of the (r, θ) lobe coordinates. This allows us to constrain the extent of parameter space covered during our fitting process.
A shortcoming of this approach is that any number of models can be fitted through any number of points by reducing P Pr . to shorter times. Therefore we choose the simplest model with the longest precession period as the 'correct' one. This paper has been typeset from a T E X/L A T E X file prepared by the author. Figure C1 . An illustration showing the basic setup of the jet model used to fit radio lobe positional data in the main text. Symbols in the diagram are as follows, i is inclination angle, θ P A is position angle in the sky, θ Pr . is the precession angle and x(t), y(t) and z(t) are the (x, y, z) coordinates of a point in the jet's stream (green line) at a time, t.
